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Abstract 
 This study compiled evidence on what caused the groundwater in Elkhart to become 
contaminated, did the contaminants cause any health problems, and how the contamination sites 
are being remediated. Elkhart is located in a glaciated area of Indiana where outwash sands and 
gravels form a vulnerable, shallow unconfined aquifer. Five areas within Elkhart were deemed 
hazardous to human health and were designated as Superfund sites. Two of these are still being 
investigated and the other three are still being monitored even though their cleanup is complete. 
Much of the contamination is caused by three contaminants, trichloroethylene, 1,1,1-
trichloroethane, as well as other volatile organic compounds. These materials were used as metal 
degreasers and disposed of in a careless manner.  These families of contaminants have adverse 
side effects when inhaled which is a problem that could develop due to vapor intrusions into 
buildings. The health effects are still being studied, especially related to the ingestion of the 
contaminants in the water. Carbon filters have been installed, connections have been made to the 
city water system and sub-slab mitigation systems have been installed to make sure the people of 
Elkhart did not consume or inhale these contaminants.  
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Introduction 
 The objectives of this study were to compile evidence on how Elkhart, Indiana’s 
groundwater had become contaminated, to determine whether there were any health effects of 
drinking the contaminated water, and to describe what was being done to clean up the 
contamination.  
Elkhart is a city located in northern Indiana that is constructed over glacial deposits from 
the last ice age. The glacial sediment includes both sand and gravel, which is an ideal aquifer for 
groundwater. Unfortunately, some people and companies of the city were careless and did not 
properly dispose of contaminants. Contaminants were released into the ground where they 
seeped down through the soil into the aquifer. Several groundwater plumes of contaminants were 
formed due to this disposal practice and the contaminated water migrated toward wells 
contaminating them as well.  
Figure 1 includes three satellite images of Elkhart that shows at least two areas of 
contamination, the rail yard and Gemeinhardt Music Company, whose spill started the 
investigation of contaminants within the area and led to the involvement of the US 
Environmental Protection Agency. Figure 2 is a TOXMAP showing the five areas within Elkhart 
that were put on the US Environmental Protection Agency National Priorities List and became 
Superfund sites after contaminants such as volatile organic compounds, trichloroethylene, and 
trichloroethane were found. The five sites are Lusher Avenue, Conrail Rail Yard, Himco Dump, 
Main Street well field, and Lane Street.  
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Background Information 
Geologic Setting of Northern Indiana 
Figure 3 is a geologic time scale that includes the Pleistocene Epoch that began roughly 
two and a half million years ago and ended ten thousand years ago and is important in shaping 
the surficial geology of the northern two-thirds of Indiana. The Pleistocene Epoch, which is often 
called The Ice Age, included four major glacial and interglacial periods that caused the glaciers 
to advance and retreat from Canada. There are many smaller glacial advances and retreats that 
happened during this time as well but they are harder to identify due to the major advances 
removing older glacial sediment. The two glacial periods that affected Indiana the most were the 
Illinoian and Wisconsian as seen in figure 4 (Fleming, 2011). Approximately three hundred 
thousand years ago, the third glacial advance, the Illinoian, extended the furthest south in 
Indiana. Around seventy thousand years ago, the Wisconsian glaciation occurred but the advance 
did not go as far south into Indiana as the Illinoian glaciation had.  However, the Wisconsian 
glaciation occurred as several glacial lobes that left behind end moraines in the northeast corner 
of Indiana as the ice retreated (Wilson, 2008). 
 As the glaciers advanced and retreated in and out of Indiana, they changed the landscape. 
These glaciers turned rivers into lakes, hills and valleys into flat terrain with little evidence left 
behind that they even existed, and bulldozed many forests. These continental glaciers eroded 
older drift and bedrock along their paths and in turn left behind several feet to several hundred 
feet of sediment on top of older bedrock. The erosion by the glaciers makes it difficult to 
determine the details of historical glacial advances and retreats (Fleming, 2011).  
 The sediment that was deposited by the glaciers is what is known as glacial drift. If the 
glacial drift was deposited by melt water and was sorted by the size of the sediment it is stratified 
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drift. Much of Indiana is covered in glacial till, a sediment that has been deposited by the glacier 
as it was moving without any sorting or layering. Not only did the glaciers leave behind 
sediment, they also left behind outwash plains, kettle lakes, kames, eskers, moraines, erratics, 
dunes, loess, and flat to hummocky landscape. The soil in northern Indiana has turned out to be 
very fertile and perfect for farming due to this ice age (Wilson, 2008). 
To determine the hydrogeologic setting at the Lusher Avenue site, several areas were 
drilled and cross sections were made. These showed the shallow subsurface to be comprised 
mostly of outwash sandy deposits of glacial origin, some gravel also of glacial origin, clayey till 
of glacial origin, and artificial fill. This is probably true for the rest of Elkhart due to the glacial 
deposits and erosion. One of the cross sections of the Lusher Avenue site with observed soil 
overlaying shale bedrock can be seen in figure 5 (US EPA, September 2013, p 60-63, 69-72).  
National Priorities List (NPL) and Superfund 
 The NPL was created to compile a list of areas that have known releases or potential 
releases of hazardous substances, pollutants, or contaminants that are potentially harmful to those 
who come in contact with them (US EPA, October 16, 2013). The inclusion of a site on the NPL 
lets the EPA know what sites need further investigation, to determine why there was a health 
advisory for the area, to identify how to clean the area, to notify the public, and to identify 
responsible parties (US EPA, March 1, 2012). Contaminated sites are placed on the NPL after a 
long process. First is proposal to the Federal Register and then the EPA asks for comments from 
the public about the site in question. The site then has to go through the EPA’s Hazard Ranking 
System and if it passes the state or territory where the site is located has to assign the area with 
the top priority. Next the site has to meet the requirements of the Agency for Toxic Substances 
and Disease Registry (ATSDR) as a health advisory. In effect,  the EPA is indicating to the states 
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the site is harmful to people, and the EPA believes it will be a better choice money wise to clean 
up the area (US EPA, February 15, 2012).  
 Superfund is an environmental program established by the Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA) of 1980 and run by EPA’s 
Office of Solid Waste and Emergency Response (OSWER). Superfund is the legal authority 
provided to EPA to enable it to enforce a cleanup of sites that have been put on the NPL because 
they pose a threat to the health of humans. The Superfund also helps finds those responsible to 
help clean up the area or pay for the cleanup. The cleanup process is also lengthy with 
Superfund. Sites are investigated and if deemed necessary put on the NPL which allows for a 
cleanup form to be planned. The Superfund is here for removal actions, find responsible parties 
and make sure they are part of the process, community and state involvement, and make sure the 
area is protected in the long-term (US EPA, December 24, 2013).  
Groundwater, Aquifer, Contamination Plume 
When it rains, water infiltrates the soil and moves downward to the water table and into 
shallow aquifers, completely filling the voids in the sediment and rocks along the way. 
Downward flow is often impeded by a layer with low permeability and porosity, which promotes 
lateral flow in the aquifer. Ground water can be recharged by any water that seeps through the 
ground; including water that has been contaminated with TCE, TCA, and VOCs such as is the 
case here at Elkhart. Many people rely on groundwater as their source of fresh water for drinking 
and once it becomes contaminated it is hard to make it usable again. Figure 6 shows how 
groundwater is often easily contaminated from various activities on the land surface. 
An aquifer is the soil or rock in the ground where groundwater is stored as seen in Figure 
7. How much groundwater and fast the water moves through the aquifer depends on the space, 
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porosity, between the rocks or soil and the nature of the connections between the voids 
(permeability). Aquifers that have higher permeability consist of gravel, sand, sandstone, or 
fractured rocks due to large connected pores or fractures. Shale and clay have small pores with 
poor connections, are considered poorly permeable, and restrict flow. Figure 8 shows an example 
of permeable and impermeable rocks and gravel (Clark & Briar, January 2, 2014).   
Contaminants can come from numerous sources and when released into groundwater, 
they typically move slowly as a plume of contamination that moves in the same direction as the 
groundwater as seen in Figures 9 and 10. The plume can be various sizes depending on the 
particular contaminants involved,  how much of the contaminant seeped into the groundwater 
and how fast the groundwater is moving (US EPA, Getting Up to Speed: Ground Water 
Contamination, p1).  
Contaminants: Trichloroethylene (TCE), 1,1,1-Trichloroethane (TCA), 
Volatile Organic Compounds (VOCs) 
 TCE is a nonflammable, sweet smelling, colorless liquid often used as a degreasing 
agent. If inhaled it can affect the central nervous system (CNS) and numerous other areas. How it 
affects a person depends on how long they were exposed. TCE can be found in the air, in 
groundwater including drinking water, in products that use the substance, and in waste disposal 
sites. If exposed to TCE in small amounts the side effects could include: drowsiness, headaches, 
problems with kidneys, GI system, skin, and more. At the present time, it is not known whether 
short term ingestion of contaminated water causes serious health problems. Noncancerous health 
effects related to long term inhalation exposure to TCE could include: increased CNS problems 
including facial numbness, blurred vision, and confusion. Those who are exposed to TCE in their 
occupation or who unknowingly drank contaminated water for a long term have shown signs of 
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liver, kidney, immune, and endocrine problems. Several studies have shown a possible 
correlation between miscarriages to exposure to TCE in the workspace. However, another study 
found no correlation between drinking water contaminated with TCE and reproductive health but 
there is a possible correlation between TCE and other chemicals that contaminated drinking 
water and congenital heart disease. There is an ongoing study of TCE causing cancers like 
involving the kidneys, liver, cervix, and lymphatic system. Studies in animals have also shown 
increased cancer after exposure to TCE. New data are showing TCE is most likely a carcinogen 
(US EPA, October 18, 2013).  
 TCA is colorless, synthetic chemical with a sweet odor that is used for industrial and 
household uses including as a solvent to remove substances such as glue, oil, paint, and grease 
and can be found in glue and aerosol sprays. When released into the air, TCA affects the ozone 
layer and when it seeps into the ground it contaminates the groundwater. It is not known how 
long it will last in the water. TCA, if inhaled for a short period of time, can cause balance 
problems, lightheadedness, or dizziness. High doses of TCA inhaled for long periods of time can 
cause unconsciousness, a reduction in blood pressure or cardiac arrest. In animals, very high 
doses caused problems in the respiratory, nervous, and digestive systems, unconsciousness or 
death. It is an irritant to the skin and in animals it there was repeated exposure it affected the 
liver and in some cases caused death. It is not believed to be a carcinogenic. But also children 
exposed to high amounts of TCA would react the same way an adults would. As of 2011, it is not 
known how ingested high levels of TCA would affect a fetus but in animals the babies developed 
slower and had behavioral problems (ATSDR, March 3, 2011).  
VOCs not only include TCE and TCA but also many other carbon chemical compounds 
that can easily turn into a gas or vapor and are released from burning fuel, oil and gas fields, 
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diesel, and solvents. Most are hazardous air pollutants. Most people are exposed to VOCs when 
they go outside in a polluted area or during the summer when the temperatures rise and smog 
forms. The health effects vary depending on what VOC was exposed and how long and how 
much exposure to the VOC there was. Short term exposure can cause problems in the 
respiratory, central nervous and digestive systems as well as irritation to the skin. Long term 
exposure can cause problems in the urinary, central nervous and digestive systems (US National 
Library of Medicine, November 17, 2014). 
Vapor Intrusion 
 As mentioned above, VOCs can easily turn from a liquid into a gas or vapor. In the soil 
zone or shallow groundwater, some of TCE, TCA or VOCs spilled there as liquids will volatilize 
(i.e., form a vapor).  VOCs are capable of migrating and making their way back through the 
surface or sometimes indoors as seen in Figure 11. Vapor intrusion has been the subject of 
research since 1980 but guidelines on how to deal with them were not introduced by the EPA 
until 2002.  
 Vapor intrusion seeping into houses is considered a health concern due to inhaling the 
VOCs which seems to be more of a health problem than drinking water contaminated with them. 
Vapor intrusion is a health and safety issue because it can lead to fires, explosions, and lead to 
health related problems like asphyxiation. Fuel vapors related to hydrocarbons dumped into the 
soil or leaking from tanks, pipelines or fuel (e.g., gasoline) that has entered the ground and sitting 
on top of the groundwater can easily enter buildings by vapor intrusion and create high levels of 
concentration within the area which can lead to fires or explosions. Short term health effects 
associated with vapor intrusion of VOCs can create problems within the central nervous and 
respiratory systems. Those with pre-existing respiratory problems and children may be affected 
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the most.  Health effects lasting from 14 to 364 days can involve the digestive, central nervous 
and reproductive systems but few studies have been done in this area. Long term exposure can 
lead to cancer due to most VOCs are carcinogenic and produce problems within the urinary, 
central nervous and digestive systems (ATSDR, Evaluating Vapor Intrusion, p 1-3).   
If vapor intrusion is suspected, the soil outside the suspected area and then the air inside 
the suspected area will be tested. If there is enough vapor intrusion to be of concern, the EPA 
will put a plan of action together to protect the health of the people. A sub-slab mitigation system 
is usually put in place to draw the vapor intrusion away from the soil before it enters inside. 
Figure 12 shows an example of a sub-slab mitigation system that pulls vapors out of the soil and 
away from homes (US EPA, January, 2012 b, 1-2p). 
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Areas of contamination 
Lusher Avenue Contamination Site 
 The investigation of contamination along Lusher Ave began in 1985 when Gemeinhardt 
Music Company agreed to an investigation of the groundwater northwest of their location in 
Elkhart. Volatile organic compounds were detected in the drinking wells investigated along and 
close to Lusher Avenue. However, Gemeinhardt felt the contamination was not due to the 
contamination that was related to contaminants disposed of on their company’s property (US 
EPA, September, 2013, p 15). The Elkhart County Health Department (ECHD) was notified and 
began their investigation in 1987. Analyses from 103 of the 145 wells tested indicated high 
levels of trichloroethylene (TCE), trichloroethane (TCA) and VOCs. At this point, the ECHD 
enlisted the help of the U.S. Environmental Protection Agency (EPA) to supply affected 
residents with clean water either through the use of carbon filters, connecting them to municipal 
water, or installing whole-house filters. Thirteen carbon filters were installed in 1987 and in 1988 
when five of forty-five wells investigated were later connected to city water (ATSDR, July 7, 
2009, p 10-11).  
In 1988, the EPA declared Lusher Avenue a contamination site and put it on the 
Comprehensive Environmental Response, Compensation, and Liability Information System 
(CERCLIS). The Indiana Department of Environmental Management (IDEM) became involved 
in 1989 and they looked into using state money to find a way to provide non-contaminated water 
to those affected, including extending the city water lines. There was one property on Avalon 
Street that could not become connected to the city water system. So, the IDEM installed a whole-
house filter and provided care for this system for twenty years.   
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 The Lusher site includes many residential, commercial, and industrial properties, which 
make it difficult to pinpoint who or what company was contaminating the groundwater. One 
company that has been identified by the EPA as being a culprit in the contamination is Walerko 
Tool & Engineering Cooperation (Walerko). This company uses TCA to clean metal parts and 
employees were known to have disposed of TCA outside into the ground after it was no longer 
usable. Analyses of groundwater that was sampled from this area came back with high levels of 
TCA and TCE. In 1993, Walerko agreed to a Cost Recovery Consent Decree by the EPA in 
which they had to pay back the EPA for some of the costs (US EPA, September, 2013, p 15-16). 
According to the US EPA (September, 2013, p 18-20), there are nine potential source 
areas (PSAs) of contamination including Walerko. The other eight PSAs are: Flexible Foam 
Products, Gaska Tape, Atlas Chemical Milling, Holland Metal, Heavy Metal Recycling, B-D 
Industries, Elkhart Plating, and Zurn Facility. These companies were identified by looking at 
what the companies make, by documenting the historical use of chemicals, and by taking 
samples of the groundwater and soil and analyzing for increased levels of TCE, TCA, other 
VOCs, and any other contaminants.   
In 2005, The IDEM found increased concentrations of TCE at a house on Avalon Street. 
In 2006, the IDEM investigated surrounding wells and found elevated concentrations of VOCs in 
the groundwater. Those residents with contaminated groundwater were given bottled water or 
carbon filters. Lusher Avenue was finally placed on the National Priorities List (NPL) and the 
EPA’s Superfund list March 19, 2008 (ATSDR, July 7, 2009, p 10-11).  
Figures 13-16 show the area that is believed to be the boundary of the Lusher Avenue 
Contamination and include the sample locations of VOCs, TCE, and TCA. The EPA Superfund 
Site Progress Profile for Lusher Avenue shows that the clean-up is underway, the site is still 
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being studied and the EPA is working on controlling exposures (US EPA, June 23, 2009). 
Remedial investigation phase I begin in 2009 to find where the contamination was coming from 
and how far the contamination had spread. They are continuing to gather well samples, 
groundwater samples from discrete bore holes, collect data from soil, monitoring wells, and 
gathering more information on PSAs. More field work was planned for 2012 (US EPA, August, 
2013). As of February 2014, the remedial investigation was completed and the EPA is currently 
working on long-term cleanup plan (US EPA, February, 2014). April of 2014, the US EPA 
proposed interim remedial alternatives while they continue to investigate long-term cleanup 
plans. The options for the groundwater include taking no action at all, putting in more filtration 
systems, or connecting properties to the city water system. There is also a concern of vapor 
intrusion from TCE in the groundwater into homes.  
The proposed interim remedial actions for vapor intrusions include taking no action at all, 
sub-slab depressurization system, or sub-slab depressurization system with a passive barrier. The 
EPA preferred interim alternative methods are connecting properties to city water and the sub-
slab depressurization system both of which would better in the long-term end less costly (US 
EPA, April, 2014, p 10-13, 18). Figure 17 shows the plumes under Lusher Avenue that have 
combined into one large plume and also shows the areas of concern of vapor intrusion.  
Conrail Rail Yard Contamination Site 
 The Conrail Rail Yard Superfund site is another area of groundwater contamination 
which includes the rail yard area, and the Osceola Drag Strip area, as well as a few industries and 
residential areas. It contains two groundwater plumes and the area. In the 1960s, a railcar was 
punctured, emptying the carbon tetrachloride (CCl4) it was carrying into the ground. The Rail 
Yard has also contaminated soil and groundwater with oil, diesel fuel, hydrochloric acid, track 
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cleaning fluids, and engine degreasers. VOCs were discovered in the rail yard in 1986 and in 
1990, the site was placed on the NPL-Superfund site. The Safe Drinking Water Act has a 
Maximum Contaminant Level (MCL) of 5 parts per million and when the US EPA found the 
wells contained levels at 5,000 parts per billion (ppb) the residents received water alternatives 
immediately (US EPA, October, 2014). Figure 19 shows the Conrail contamination site and 
concentrations of two known contaminants in the area. 
 In 1991, an interim remedial action was proposed to connect 500 properties to the city’s 
water system and to insert wells into the Country Road 1 plume that would extract the 
contaminated groundwater from the aquifer. In 1994, 700 more properties were added to the 
proposal to connect to the city’s water system and also further recommendations as to how to 
clean the aquifer and surrounding soils. In 1995, the first 500 properties were connected to the 
water system and from 1996-1997 the other 700 were connected.  The Rail Yard paid for these 
1,200 properties to be connected to the city’s water system.  
In 2000, a new remedial plan proposed hydraulic containment to control the spread of 
contamination in the groundwater. The water stays in the ground, can be treated more than once, 
and the contaminants are released into the air after passing through a carbon filter and turned into 
vapor. This new plan also proposed an investigation of the Osceola Drag Strip further and the 
removal of contaminants from this area. The second plume in the area was proposed to be left 
alone (ATSDR, August 11, 2005, p15-17). 
 The newest remedial system was put into effect and is being monitored on a five year 
review (FYR). The second FYR went by with no problems in 2004. During the third FYR in 
2009, it was noticed some contaminants were getting through but still effective in the short-term 
due to most properties being switched to city water systems. The EPA felt the system would not 
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be effective in the long-term so an investigation was begun. A new remedial plan was approved 
and two new extraction wells were put in place in 2012 (US EPA, October, 2014).  
Himco Dump Contamination Site 
 The Himco Dump was formerly located on a sixty acre lot within this one hundred acre 
Superfund Site. This was an unlicensed, unlined, privately operated landfill that received wastes 
from 1960 to 1976. There was open dumping that included debris from construction sites that 
spilled over into neighboring properties, and trench disposal at this site. Nearby residents 
complained to the Indiana Board of Health (ISBH) in 1971 about the area being an open dump 
site and again in 1976 when they felt the landfill leachate was causing problems with their water. 
The residents’ shallow wells were then replaced with deeper wells and in 1990 they were 
connected to the city’s water system after high levels of sodium were detected. The Himco 
Dump is one of the known sources leading to contamination of the groundwater, soil, and soil 
vapors with VOCs and heavy metals.  
 The EPA conducted a remedial investigation of the site from 1989 to 1992 and in 1992 
found seventy-one chemical drums. In 1993, a final cleanup decision was made which consisted 
of a composite barrier cap with clean soil placed on top; as well as a vapor phase carbon system, 
a ground flare system, other measures to remediate the site and to prevent contact with the 
groundwater and landfill. In 2007, the EPA had the Himco Dump and other possible responsible 
parties sign a consent decree for the final remedial actions for the site including: contaminated 
soil excavation and replacing it with clean soil, city water supply connection, groundwater 
monitoring, and help with redevelopment of the area for a different purpose. The remedial 
actions were finished in June of 2012. In 2013, the project was recognized for using green 
techniques to clean the area. This Superfund Site is part of the Superfund Redevelopment 
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Initiative program in which it can be used for recreational activities, ecological zones, 
educational areas, or a RV park (US EPA, January, 2014).  
Main Street Well Field Contamination Site 
 Seventy percent of 40,000 residents in Elkhart used the drinking water from the fifteen 
wells on this site. In 1981, the EPA found VOCs and TCE in the wells. In 1987, an air stripper 
was placed at the site and in 1992 the potentially responsible parties were made to help clean-up 
the site. A soil vapor extraction system was put in place in 1995, about 2,300 pounds of TCE has 
been removed since its placement. It has since been removed after the soil was no longer 
considered contaminated. Like the Conrail site a FYR was put in place. In 2003, the potentially 
responsible parties proposed a new monitoring program for the groundwater at the site. In 2005, 
several companies within this area filed for bankruptcy and in 2006, a new monitoring program 
was proposed (US EPA, January, 2012a).  
Lane Street Contamination Site 
 This area is primarily residential with a few farms but includes a contaminant plume of 
unknown origin with TCE, TCA, and other VOCs. In 2007, one well was found to have 
contaminants which led to other wells being tested with the same results. At first, the IDEM 
provided bottled water and then the EPA connected those affected to the city’s water system. 
Lane Street was added to the NPL- Superfund Site in 2009. Vertical aquifer sampling (VAS) was 
conducted in 2011 to determine the extent of contamination and its source. The contamination is 
believed to be more than sixty feet below the surface and no VOCs were found in the soil. 
Further investigation is needed to determine the source of the contamination (US EPA, August, 
2014).  
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Gemeinhardt Plume 
 The Gemeinhardt Music Company in Elkhart uses TCE, TCA, and tetrachloroethylene 
(PCE) for degreasing of metal instruments. Daily, before 1985, there were about 2,500 gallons of 
wastewater that would be transferred to dry wells, gravel beds, or septic tanks. In all three kinds 
of disposal areas, the wastewater would seep into the ground creating a plume of contaminated 
water. Finally in 1985, after the investigation of contamination, the company transferred the 
waste to Elkhart Municipal Wastewater Treatment Plant. The 1985 investigation found 
contamination north of the company which they claimed was from another source. However, 
they did clean up the area around them by removing contaminated soil and installing three 
recovery wells with a treatment facility to capture migrated contaminated water. In 2008, only 
one of the wells was still in use, an air stripper had removed seventeen pounds of TCE, and the 
recovery process was considered near completion (ATSDR, July 7, 2009, p 12). 
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Discussion 
 The groundwater at Elkhart was so easily contaminated due to nature of sediments 
associated with the Illinoian and Wisconsian glaciers of the Pleistocene epoch. These glaciers 
left behind outwash deposits consisting mostly of sands and gravels. Sand and gravel is a 
permeable deposit contributing to groundwater flow. This sediment is permeable due to the large 
pores and how well connected the pores are throughout the deposit.  
 This sediment also facilitates the downward migration of contaminants from the soil zone 
into the aquifer. Contamination spreads laterally for large distances as a plume because the 
sediment is so permeable. As it spreads from the source, the contaminant can encounter many 
wells along its path. The people then drink the well water not knowing the groundwater has been 
contaminated. If the subsurface was made of sediment that was not permeable, the plumes of 
contaminates would be a lot smaller and less mobile.   
At several of the sites, contaminants have been dumped into the ground for years. Who 
knows how long the people of Elkhart have been drinking the contaminated water and have had 
vapor intrusions introduced into their homes. At this point, it is not clear whether people were 
getting sick or have died as a result. Who knows how long the groundwater would have 
remained contaminated had the Gemeinhardt Music Company not began that investigation in 
1985.  
 The three contaminants mentioned in the review are only a handful of the many 
contaminants that have been found at Superfund sites. The health impacts of drinking water 
containing contaminants are still under investigation.  To a significant extent, the likely human 
impacts are being studied using animal models. This kind of work performed on animals will 
give the investigators a small clue into what could happen, but animals are not humans and the 
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results can vary. There is a lot more information found on the effects of inhalation of the 
contaminants due to people using them in everyday settings.   
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Conclusions 
 The area in and around Elkhart, Indiana has been shaped by continental glaciations. 
Outwash deposited in front of the receding ice front includes permeable sand and gravel. Such 
deposits of sand and gravel facilitate the flow of groundwater as well as contaminants that may 
be present in the water.  
 The large number of industries at Elkhart has led to the contamination of unconfined 
aquifers. In particular, five of the worst areas of contamination were designated as Superfund 
sites because of the careless disposal of contaminants that were essentially dumped in the ground 
and migrated downward into the groundwater. Three of the five contaminated sites have 
completed cleanup and are still being monitored. The other two are still under investigation. To 
ensure the residents of Elkhart had clean drinking water and air, wells and soil were monitored 
for contamination, houses were given carbon filters, connections were made to the city water 
system, and sub-slab mitigation systems were installed. Inhalation of the contaminants through 
vapor intrusion is known to affect the health of humans but information on drinking water that 
has contaminants is a work in progress.  
 
 
 
 
 
 
 
22 
	  
Suggestions for Future Work 
 All sites, including the Gemeinhardt plume, need to be monitored continually to ensure 
no new contaminants are being introduced into the affected areas. The Lusher Avenue site 
should consider putting in recovery wells and a treatment facility like the Gemeinhardt Music 
Company did for their long term cleanup plan. The site should go through with the proposed 
remedial interim alternative plan of connecting everyone to the city water system and continue 
finding the responsible parties. The Lane Avenue site needs further investigation because little is 
known about it. A larger area of study should be designated at this site to determine the full 
extent of contamination and the potential sources so they can start cleaning the contaminated 
water. I believe the Himco site should be turned into an educational study site as proposed so 
people can learn about groundwater contamination, how to prevent it, and to monitor the 
groundwater at this site. The Conrail site needs to monitor its employees and trains to make sure 
there are no railcar accidents, punctures, and overturns causing no contaminants to be introduced. 
All areas of contamination need to make sure they always use proper disposal systems for the 
contaminants such as TCE, TCA, and VOCs because it is not known what the actual effects of 
inhaling or ingesting these contaminants could cause. The health effects of the contaminants 
need to be continually monitored and homes need to be continuously checked for vapor 
intrusions. I think there should be investigation of the sick people in Elkhart to determine if the 
groundwater contamination was the culprit.  
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Figures 
 
Figure 1 Top picture is a satellite image of Elkhart, Indiana with a two mile scale. 
Center picture is a closer image of Elkhart, Indiana at a scale of two thousand feet. 
Bottom picture is a closer image of the Conrail Railroad yard, a portion of Lusher Avenue, and Gemeinhardt Music 
Company at a scale of one thousand feet (Google maps, 2014). 
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Figure 2 A TOXMAP of Elkhart, Indiana including Superfund sites and Toxics Release Inventory (TRI) sites. The 
red squares represent Superfund Sites and the blue squares represent TRI sites. As of 2012 the list on the right side 
of the map are the Superfund sites in Elkhart. Clicking on the squares pulls up more information on the sites (US 
National Library of Medicine, December, 2009). 
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Figure 3 The 2012 Geologic Time Scale from Precambrian to Cenozoic with age, magnetic polarity, periods, 
epochs, and eras. (Walker et al.,  2012). 
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Figure 4 The left picture is a look into what some of the area looked like before the glacial advancement. The 
middle picture shows how far the Pleistocene glaciers advanced. The picture on the right gives an estimated time 
frame on the retreat of the glacier (Fleming, 2011). 
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Figure 5 One of four cross-sections at the Lusher Avenue site showing the type of soil at the contaminated area (US 
EPA, September, 2013, p 69). 
 
Figure 6 Groundwater contamination by landfills, farming pesticides, and tanks that are put in the ground that 
rupture or leak (Clark & Briar, January 2, 2014). 
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Figure 7 The image shows groundwater stored in an aquifer that is restored by rain (Clark & Briar, January 2, 
2014). 
 
Figure 8 Gravel and rock permeability (Clark & Briar, January 2, 2014). 
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Figure 9 Contamination plume flowing in the direction of the groundwater (US EPA, Getting Up to Speed: Ground 
Water Contamination, p 1). 
 
Figure 10 Contamination of the groundwater can come from numerous sources (US EPA, Getting Up to Speed: 
Ground Water Contamination, p 10). 
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 Figure 11 Groundwater contamination vapors make their way back up through the ground into houses 
which is known as vapor intrusion (US EPA, January, 2012b, p 1). 
 
Figure 12 An example of a sub-slab mitigation system pulling vapors from the soil before it reaches indoors (US 
EPA, January, 2012b, p 2).  
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Figure 13 Encircled in red was the area of investigation for the Lusher Avenue groundwater plume contamination 
site (ATSDR, July 7, 2009, p 36). 
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Figure 14 Chlorinated volatile organic compounds (VOCs) ground water plume boundary map at the Lusher 
Avenue Contamination site (ATSDR, July 7, 2009, p 37). 
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Figure 15 Trichloroethylene (TCE) detections within the Lusher Avenue contamination site (ATSDR, July 7, 2009, 
p38).  
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Figure 16 1,1,1 Trichloroethane (TCA) detected at Lusher Avenue contamination site (ATSDR, July 7, 2009, p 39).  
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Figure 17 Picture of the Lusher Avenue groundwater plumes that merged into one large plume. The picture also 
shows the areas where vapor intrusion is possible (US EPA, April, 2014, p 20). 
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Figure 18 Top picture is the TCE concentrations in the Conrail Rail Yard Superfund and the bottom picture shows 
the CCl4 concentrations (ATSDR August 11, 2005, p29-30). 
 
